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Abstract: Tensile testing results of spray cast Ni3Al-based superalloy indicated that the yield strength and tensile
strength increase with the increasing of temperature and reached maximum at around 760ņ, then decrease with
the increasing of temperature. After high temperature isostatic pressing (HIP), yield strength decreased and ductility
and tensile strength increased. Stereographic projection showed that no matter at room temperature, medium
temperature or high temperature, cracks extend along (111).
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studied by S-570 SEM. TEM specimens were cut axially from
rupture specimen and the thickness was about 200 µm. They
were ground to a thickness of 50 µm, and then followed by
jet polishing using a 15% chloric acid and 85% methanol
solution.
2 Results and discussion
2.1 Tensile property of spray cast alloy
Figure 1 shows tensile property of the spray cast alloy. It can
be seen that with the increase of experimental temperature the
yield strength and tensile strength increase and they reached
maximum at about 760ņ, then decrease with further increase
of the temperature. This result demonstrated that the spray cast
alloy has “R” characteristic. The “R” characteristic is a
temperature reverse effectiveness and it is common to Ni3Al
alloy. Figure 1 indicated that although the ductility of the alloy
decreases with the increase of temperature, it still possesses
high ductility at 900ņ. After high temperature isostatic pressing
(ő) SC; (Ő) SC+HIP (1 150ņ, 150 MPa, 2 h )
S
uperalloy castings have coarse grain and severe ingredient
segregation that lead to mechanical properties decrease.
Ni3Al-based superalloy of Ni-Al-Mo system is a casting
material with high potential. By directional solidification and
single crystal growth, the stress rupture and creep properties
can be improved [1, 2]. However, excellent mechanical properties
depend on the crystallographic direction. Although the cooling
rate of spray casting is lower than that in powder production
process, the spray casting process can get rapidly solidified
microstructure that possesses fine grains and little segregation,
which will enhance mechanical properties. Also, the atomization
process can avoid severe contamination and reduce particle
boundaries that exist in powder metallurgy process. The tensile
strength and ductility of spray cast materials may be higher than
that of the powder metallurgy materials [3-5].
In this paper, through the mechanical testing of spray cast
Ni3Al-based superalloy of Ni-Al-Mo system the tensile and
fracture behaviors were studied by means of SEM (Scanning
Electron Microscope) and TEM (Transmission Electron
Microscope).
1 Experimental procedure
Mechanical properties were studied by Instron tensile machine.
The experimental temperatures were 20ņ, 650ņ, 760ņ, 800ņ
and 870ņ. The displacement rate was 8.33ġ 10-3mm/s.
Fractography and dynamic tensile tested specimens were
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(HIP), the “R” characteristic retains, the yield strength
decreases, and the tensile strength and ductility increases. The
decrease of yield strength is due to the decreasing of
deformation resistance. When the alloy was HIP treated its
dislocation features was adjusted. The increasing of tensile
strength is due to the incorporation of microporosities and the
minimization of crack initiation.
a) Formation and primary development of cracks; b), c) Further development of cracks; d) Breakage
Fig. 2 SEM in-situ observation of the spray cast alloy
2.3 Morphology of fracture
Figure 3 to Fig. 5 show the fracture morphology of spray cast
IC6 alloy. Tensile fractures at different temperatures have a range
of shear zone. The room temperature tensile fracture consisted
of ductile nests with different size (Fig. 3). With the increase of
temperature, little planar zones occurred and different slip belts
exist in these little planar zones. Furthermore, the fine ductile
nests can also be found in high temperature tensile fracture. When
the temperature is greater than 650ņ, secondary crack can be
seen obviously (Fig. 4). With the increasing of temperature the
number of secondary cracks increases significantly (Fig. 5). The
different glide bands can be found on the facet, which coincides
with the reduction of toughness when temperature increases.
2.2 SEM observation on fracture behavior
Figure 2 shows the results of room temperature tensile deformation
of spray cast IC6 alloy at different stages. It can be seen that with
the increase of deformation stress cracks were formed at grain
boundaries and then quickly propagate. Ahead of the cracks, there
were a lot of dislocation lines. Cracks can propagate along grain
boundaries and also propagate traversing grains.
2.4 Crystallographic characteristics of
       tensile fracture
Figure 6(a) shows the morphology of cracks near fracture zone
after room temperature tensile fracture. It can be found that crack
propagates along vertical directions. From Fig. 6(b), it can be
seen that the crystal planes consisting cracks correspond to (110)
and (111), and the crack propagation direction is (110). Fig. 6(c)
is the computer simulation of the three dimension projection. At
room temperature, the tensile crack turns to initiate along (111)
plane octahedron slip. Also, at the temperature of 650ņ and
870ņ, respectively, the crystal plane consisting cracks
corresponds to (111) and the tensile crack also occur along (111).
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3 Conclusions
1) Yield strength and tensile strength increase with the
increasing of temperature and they reached maximum at around
760ņ. After that, they decrease with the increasing of
temperature. After HIP treated, yield strength decreases, while
ductility and tensile strength increase.
2) No matter at room temperature, medium temperature or high
temperature, crack turns to initiate along (111) plane.
(a) Bright field (BF)
(c) Computer simulated stereographic projection
Fig. 6 Crack induced by tensile deformation at 650ņ ņ ņ ņ ņ
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